This paper presents a systematic study of pure inorganic binary salts using a time-of-¯ight (TOF) static secondary ion mass spectroscopy (S-SIMS) instrument. The objective was to evaluate the methodÕs capability to achieve molecular speciation of binary salts. The results show the feasibility of direct speciation in a deductive manner without the need for reference spectra. Also ratioing intensities of speci®c high-m/z cluster ions can dierentiate compounds with the same elements in dierent oxidation states. Ó
Introduction
By aiming at the molecular information of inorganic compounds we intend to address the growing demand from scienti®c and technological research to specify the local composition of a sample in terms of molecules rather than elements. It is evident that the behaviour and the properties of the bulk and interfaces of materials are governed by the structure and the interactions of molecules. In this context, static secondary ion mass spectroscopy (S-SIMS) emerges as a promising technique. Its potential advantage for molecular speciation i.e. the identi®cation by signals referring directly to intact molecules lies primarily in the use of a low¯ux ion bombardment resulting in relatively high molecular ion yields. This aspect in combination with the possibility to analyse the top monolayer on a microscopical scale is essential for the analysis of complex and/or locally heterogeneous surfaces. Up to now little has been published on inorganic speciation, this in contrast to the amount of data on organic compounds. Much of the systematic work dates back to the seventies [1±3]. Mass spectral libraries have become available recently [4, 5] but contain only a selected range of inorganic compounds. The work on inorganic compounds with S-SIMS in dierent ®elds has been reviewed recently [6, 7] .
The purpose of this paper is to describe positive and negative ion mass spectra from our systematic www.elsevier.nl/locate/nimb study of binary salts. The feasibility of the deductive identi®cation will be evaluated and the distinction between salts with the same elements in dierent stoechiometries is of special interest.
Experimental section
The binary salts used were LiCl, NaCl, KCl, CuCl, NaBr, KBr, NaI and KI. All products (analytical grade) were purchased from common suppliers (Merck, Janssen Chimica, Aldrich Chemical Company) and were used without any additional puri®cation.
The samples were prepared by making a solution of pure compounds ($0.2 g) in 50% methanol/ 50% H 2 0. The solution was sprayed (Badger, model 200, Illinois) as aerosol on a¯at substrate (Al-foil and Si-wafer) with an airbrush under a nitrogen pressure of approximately 1 bar. The optimization of the sample preparation has been described elsewhere [8] .
The analyses were performed with a TOF-SIMS IV (Cameca, France) instrument. The TOF-SIMS IV is a modular ultra high vacuum, high mass resolution, high transmission instrument, based on a re¯ector type mass analyser with a post acceleration detector, and various types of pulsed primary ion guns. In this work the spectra were taken using the Ga -liquid metal ion gun (angle 45°) which was operated at 25 kV beam voltage in the bunched mode with a pulse width of 20 ns. The analysed area was typically 100 Â 100 to 300 Â 300 lm 2 . Under these conditions, the total primary ion dose for an analysis of 200 s was below 10 12 ions/cm 2 . Measurements were done on the most dense area of the aerosol spots.
Results and discussion

Qualitative information
One of the questions we have addressed in this study is whether there is a systematic trend in the way ions carry qualitative information. The deductive identi®cation in both positive and negative spectra is an asset for applications. Table 1 Major peaks in positive and negative mode (minor peaks in italics, most useful peaks in bold)
Compounds
Positive ions Negative ions 3 . I À , (KI) 4 . I À NaCl Na , Na 2 , Na 2 O , Na 3 O , Na 2 OH , NaCl , NaCl . Na , (NaCl) 2 . Na , (NaCl) 3 . Na , (NaCl) 4 . Na , NaCl . NaOH . Na , NaCl . NaO
2 , Na 2 O , Na 3 O , Na 2 OH , NaBr , NaBr . Na , (NaBr) 2 . Na , (NaBr) 3 . Na , (NaBr) 4 . Na
À , (NaBr) 3 . Br À , NaBrCl À NaI Na , Na 2 , Na 2 O , Na 3 O , Na 2 OH , NaI , NaI . Na , (NaI) 2 . Na , (NaI) 3 . Na , (NaI) 4 . Na , (NaI) 5 . Na , NaI . NaOH . Na , NaI . NaO Table 1 gives a summary of the major characteristic peaks for the eight analysed salts. An example of a typical CuCl spectrum in negative mode is shown in Fig. 1 are very intense in all spectra and contain the main information needed for direct speciation (Table 1, in bold). Other ions containing up to four or ®ve times the intact molecule could also be observed, but their intensity strongly decreases with increasing number of molecules in the cluster. A correlation is observed between the type of halogen in the binary salt and the relative peak intensities of the adduct ions at higher mass range I b Br b Cl. Molecular ion peaks (MY and MY À ) present in all spectra are most intense for iodides but nevertheless are, in general, too low in relative intensity to be useful in speciation analysis of unknown compounds. Also recombination clusters or cluster ions are of little support for the direct speciation of these pure products. The interest of these peaks can perhaps be demonstrated in the analysis of mixtures of the pure compounds, something we are still investigating for the moment.
A few remarkable things we can describe here are that the HY . Y À peak is only present in spectra of chlorides and bromides of the pure salt. Even though the compounds are binary salts and not oxides or oxysalts, a YO À peak is present in all negative spectra. In the positive, the M 2 O , M 2 OH and M 3 O peak are observed except for CuCl where only Cu 2 OH is detected. Other combinations are seen in lower intensities (Table 1 , in italics).
In general, negative ion spectra were found to be more useful for the identi®cation of the salts except for NaBr and KBr, as the positive spectra tend to contain many intense organic peaks (C n H ncompounds) in comparison to relative low abundance of the speci®c ions of the pure compound.
Molecular speciation without the use of reference spectra in this class of salts is feasible with TOF-SIMS. Because an intense signal of the intact molecule combined with a stable ion is always present. This information is shown in the negative or positive spectra (or in both modes) depending on the binary salt in the form of MY . M and MY . Y À . Intense low m/z-signals characterise the basic elements of the binary salt.
Fine speciation (CuCl and CuCl 2 )
Because CuCl and CuCl 2 are two compounds which produce primarily ions with the same elemental composition, dierences of relative peak intensities must be used for distinction. The relative intensities are varying in time but what is important is that the tendency of the relative intensities is consistent in time on the condition that the adduct ion intensities are normalised to adduct ions instead of fragment ions or recombination clusters (see Table 2 ). Day-to-day variations of these ratios make recording of reference spectra on the same day and under the same conditions mandatory.
In Fig. 2 the ratio between the peak intensity of Cl 3 . Cl À and CuCl . Cl À is calculated for both substances measured under static conditions. Under dynamic conditions the results show the same tendency. It can be seen that the critical dierences between the static spectra lie in the relative intensities of the adduct ions. As to the negative ions, CuCl yields a smaller CuCl 2 . Cl À peak relative to the adduct ion CuCl . Cl À , and therefore this peak ratio can be used to distinguish CuCl from CuCl 2 .
Conclusions
In this work, TOF-SIMS was applied to pure binary salts. Spectra in both negative and positive mode reveal that the qualitative information for molecular speciation without the use of reference spectra in this class of salts with TOF-SIMS is sucient: an intense signal of the intact molecule combined with a stable ion is always present. Fine speciation of CuCl and CuCl 2 is feasible by ratioing the proper adduct ions, meaning that normalization of adduct ion peaks to adduct ions instead of recombination clusters is essential to extract molecular information from spectra. Later on we will apply this systematic approach to mixtures of more complex inorganic compounds under ion bombardment. 
